Abstract Distribution of intertidal organisms were analysed at the sandy and rocky shores of Teluk Aling, Pulau Pinang during the spring tides on August 4 and September 11, 2007. Four higher taxa were recorded at the sandy shore including Polychaeta, Crustacea, Mollusca and Echinodermata with the highest abundance by phylum Mollusca: 89.4%. The species found to be the most abundant was the button snail, Umbonium vestiarum at the sandy shore during both sampling periods with the highest abundance measured by Importance Species Indices (ISI) at both middle and lower zones with 39.84 and 36.59, respectively. At the rocky shore, assemblages of Crustacea, Mollusca, Cnidaria as well as Polychaeta were recorded and Crustaceans appeared to be the most abundant with 98% of total composition. At the rocky shore, Cthamalus sp. showed the highest ISI value among other organisms with 64.67 for the first sampling and 65.41 for the second sampling. The highest diversity, measured by Shannon-Wiener index, H' was observed at middle zone of sandy shore for both sampling periods (0.951 for first sampling and 1.422 for second sampling) and higher evenness as measured by Pielou Evenness index, J' with 0.207 and 0.314 respectively. In contrast, the lower zone at the rocky shore appeared to be more diverse as compared to middle zone with H' = 1.738 for the first sampling and 2.309 for the second sampling. Evenness was also higher with 0.673 and 0.769, respectively. This study also showed that particle size distribution and organic matter along the intertidal gradient influenced the distribution pattern of intertidal organisms at sandy shore. Based on Pearson correlation analysis, the organic content showed a significant correlation with particle size distribution (p < 0.01). Lower zone had finer sand and the highest percentage of organic content, therefore could sustain a greater number of species as compared to the sterile upper zone as a result of coarse sand and less organic content. The Isopoda Eurydice sp. was the only species that could withstand the unstable conditions within this zone. The rocky shore showed the most striking zonation pattern compared to sandy shore where there were considerable overlaps of species in their zonation along the intertidal gradient, although organisms may remain quite separate in the sand column.
Introduction
Intertidal ecology plays an important role in marine production, environmental preservation and in developing as well as usage of marine resources. Numerous studies had been conducted on the sandy, rocky as well as mangroves and estuarine ecosystems. (Raffaelli and Hawkins, 1996) . Intertidal regions are in close proximity to human activities, thus having considerable extreme value. The intertidal zone is utilized for food and recreation, but anthropogenic actions also had major impacts, with overexploitation, invasive species and climate change being among the problems faced by intertidal communities (Fincham, 1984) .
Despite their initial barren and sterile appearance, many sandy beaches support a diverse flora and fauna as indicated in macrofaunal (> 1mm) studies (McLachlan and Jaramillo, 1995) . The work of McLachlan (2001) had reported that exposed sandy beaches have highly variable and physically stressful environments. Physical processes such as the action of waves and tides on unconsolidated sediments together with the intertidal swash climate have a major impact on the community structure of the macroinfauna. Species have to adapt to life in the sand to ensure that the supply of oxygen and food are sufficient even when they are not protected from wave action when the tide is in. Desiccation is another problem that organisms have to face especially when the tide is low.
In contrast, competition for space in relatively stable substrate such as on rocky beaches is crucial in zonation patterns and community structure (Cornell, 1961; Underwood and Denley, 1984; Wilson, 1991) .Thus, organisms on rocky shores are capable to withstand desiccation, whereas those in the sandy shores avoid desiccation (Fincham, 1984) .
Sandy shores intertidal organisms are usually burrowers which is a key adaptation for many sandy beach species (McLachlan et al., 1996) . The burrowing performance of individual species can have pronounced effects on sediment characteristics by creating local hydrodynamic changes which may also provide larval settlement (Hutchings, 1998) and are often affected by a variety of factors including body size, sediment grain size and water temperature (McLachlan et al., 1996; Nel et al., 1999) . They often exhibit regular tidal migration and swash riding behaviors. These behaviors provide them with better feeding opportunities for suspension feeders and scavengers, while taking refuge from vertebrate predators (Brown, 2001; Jaramillo et al., 2001) . Rocky shores, on the other hand, provide surface for secure attachment on substratum, not present in mobile or soft sediments. On rocky shores, vertical zonation is part of the striking feature of the intertidal community. The community is distributed into distinct vertical bands of certain species going up the shore. Species ability to overcome desiccation determines their upper limit whereas the lower limit is set by the competition with other species (Raffaelli and Hawkins, 1996) . Living at space limited rocky shore, there is a high opportunity for aggressive undercutting, overgrowing and crushing to take place. Mobile organisms such as polychaete, minute coelenterate and gastropod may thrive between the irregular spaces of barnacles and oysters (Chuang, 1973) Given the importance of sandy beaches for marine ecosystems, baseline data describing the benthic life and ecosystem processes are needed in order to propose sustainable management for these sandy as well as rocky beaches. Furthermore, sandy beaches have high socio-economical values, as it is reflected in their importance for coastal fisheries and tourism. Although beaches are influenced by numerous physical environmental stresses, man has always use beaches and will continue to exploit these ecosystems (McLachlan, 1988) . As a consequence, some of the conservation issues associated with intertidal zones have arisen especially due to climate change in recent years where intertidal organisms are subjected to several effects of global climate change, including increased temperatures, sea level rise and increased storminess (Dugan et al., 2004) .
Penang National Park was gazetted on April 4, 2003 under the National Park Act 1980. Under this Act, emphasis is given for the preservation and protection of wildlife, plant life and objects of geological, archaeological, historical and ethnological and other scientific interest and through their conservation and utilization to promote education, health, aesthetic values and recreation of the people. Teluk Aling which consists of a sandy shore flanked by rocky shore is under the jurisdiction of the Penang National Park. There is no published work on the distribution of organisms found on the both shores. Given the emphasis given under the National Park Act 1980, it is timely that the distribution of organisms found in the shores of Teluk Aling are described to serve as baseline data for the planning conservation and management of flora and fauna of the Penang National Park.
The present work was initiated with the following objectives, namely to examine the distribution of intertidal species both at sandy and rocky shores of Teluk Aling, Penang National Park, Penang, Malaysia and secondly to determine the diversity and abundance of species within the sampling sites.
Materials and Method
Sampling sites were located along the sandy and rocky shores of Teluk Aling at the northwest tip of Pulau Pinang (Penang), Malaysia. The Centre for Marine and Coastal Studies (CEMACS) is located at Teluk Aling and facing the North Channel at Latitude N 5˚28.00' Longitude E 100˚12.02 geographically. The sandy shore is about 2.5 km 2 with a slope of about 10˚ while the rocky shore is about 50˚.
The beaches were sampled during low tide on August 4 and September 11, 2007. Three transects lines about 30 m apart were marked perpendicular to the sandy shore, while on the rocky shore, the transect lines were about 2 m apart. The shores along the transect lines were then divided into three zones, namely upper, middle and lower zones. At each zone along the transect lines, three replicate samples were taken. On the sandy shore, a PVC corer was forced 20 cm into the sand and the contents were removed with a trowel into a 0.5 mm sieve mesh. A small scoop of the sample was also taken for particle size and organic content analysis. The sieve was washed with seawater and the animals retained on the sieves were washed into labeled plastic bags before fixing in 8% formalin solution mixed with Rose Bengal to stain the animals.
Quadrates of various sizes were used to sample organisms on the rocky shore. Densely colonized rocks were sampled by using a 0.01 m 2 (10 cm x 10 cm) quadrat while larger organisms such as the rock oysters, littorinids and limpets were sampled by using a 0.04 m 2 (20 cm x 20 cm) quadrat as outlined by Underwood and Chapman (2005) . Qualitative sampling was also conducted to prevent bias in describing the intertidal fauna of both shores whereby the sandy shore was combed for organisms not caught in the PVC corer and for organisms that are outside the quadrat on the rocky shore.
In the laboratory, the samples were sorted and identified to the lowest taxon possible. Dry sand sieving method was employed to analyse particle size analysis, while organic matter was analysed by direct gravimetric method using a muffle furnace following the method suggested Bale and Kenny (2005) and Raffaelli and Hawkins (1996) .
The diversity and evenness of species enumerated was determined by using the Shannon and Wiener diversity index (H') and the Pielou Evenness index (J'). Abundance of species during both sampling periods was determined by Important Species Index (ISI) (Ludwig and Reynolds, 1988) . One-way ANOVA and Pearson correlation were used to estimate the significance of the distribution, abundance, diversity and evenness of organisms at the sandy and rocky shore in relation to particle size and organic content.
Results
A total of 46 species and 13 species of macrofauna were observed in the sandy and rocky shores, respectively. In the sandy shore, the phyla observed were Polychaeta, Crustacea, and Mollusca, while on the rocky shore; the phyla consisted of Crustacea, Mollusca, Cnidaria and Polychaeta.
A total of 10 families of Polychaeta were found to reside in the sandy shore but only one family (Serpulidae) was found on the rocky shore. Crustaceans found in the sandy shore of Teluk Aling were mostly from the orders Amphipoda, Cumacea, Copepoda, Isopoda and Decapoda. On the rocky shore, the barnacles (Crustacea: Cirripedia) were the dominant inhabitant having interaction with other organisms such as limpets (Siphonaria sp., Cellana sp. and Patelloida sp.), periwinkles as well as Morula sp. which is the predator for the barnacles. Seventeen species of Mollusca were found on the sandy beach; the button snail, Umbonium vestiarum being the most dominant while the rock oysters, Saccostrea cucullata dominates the lower zone of the rocky shore. Echinodermata found in this study consisted mainly of sand dollar. Living in a different niche, sea anemones (Cnidaria) settled in the tidal pools of the rocky shore.
Generally, the highest macrofauna densities were observed at the lower zone of sandy shore in Teluk Aling, comprising of 7.30 x 10 -3 for both sampling periods. Ten out of 46 macrofauna species found in the sandy shore were ecologically important species according to Importance Species Index (ISI). They were Umbonium vestiarum, Eurydice sp., Syllis sp., Bodotria sp. 2, Macoma sp., Homolopoma rubrum, Bodotria sp.1, Veremolpha sp., Notomastus sp. and Goniadopsis maskallensis. The list of organisms found in the sandy shore is summarized in Table 1 . Shannon-Weiner index, H' and Evenness, J' were higher during the second sampling due to a decrease in the Importance Species Index of Umbonium vestiarum from 39.84 in the first sampling to 36.59 in the second sampling.
The rocky shore provides a large number of integrating habitats, with associated fauna different degrees of complexity. Table 2 2 individuals m -2 , respectively. The density was high at the upper zone due to Chthamalus sp. which was found to be dominant. According to the ISI calculated for rocky shore, there is little difference between the ten most abundant species for the two sampling periods. The most important species were Chthamalus sp., Balanus sp., Siphonaria sp., Saccostrea cucullata, Patelloida sp., Cellana sp., Morula sp., Nodilittorina trochoides, Tetraclita sp. and Spirobis sp. A higher diversity, H' and Evenness, J' was observed at the lower zone on both sampling periods on the rocky shore. The lower zone is the least exposed in terms of time, thus the physical stress on the organisms living at this zone is minimal.
The sequence of dominant organisms from the upper supralittoral to the lower sublittoral resulted in the following zonation as illustrated in In this zone, the rock oyster, Saccostrea cucullata were found from the middle zone to the lower zone. Individual oysters abutted each other closely and there was no space for the attachment of other organisms. Seaweed (mostly Amphiroa sp.) and oysters were intermingled in this region. One-way ANOVA (p < 0.05) tests showed that the abundance of organisms found at the different zones on sandy shore were significantly different. On the other hand, one-way ANOVA indicated that the abundance of organisms was not significantly different (p < 0.05) between the zones on the rocky shore. A Pearson correlation of organic matter versus particle size showed that organic content decreased significantly p < 0.05) as the mean particle size increased. Distribution of organisms according to phylum was significantly (p < 0.01) correlated to organic content, for Polychaete (r = 0.926), Mollusca (r = 0.925), and Crustacea (r = 0.807), respectively.
Discussion
The number of species in Teluk Aling increases from the supralittoral zone to the littoral zone, a characteristic of the sandy shore habitat (McLachlan, 2001; Dexter, 1979; Dexter, 1990) . With increasing sediment stability, species richness and abundance were markedly higher at the lower zone than that recorded in the middle and upper zone. However, Shannon and Weiner diversity index, H' for the lower zones was on average lower than for middle zone as seen in Table 1 . This is due to the fact that diversity in one habitat is the results from various combinations of species richness and evenness (Ludwig and Reynolds, 1988) . The dominance of Umbonium vestiarum in the lower zone also resulted in low evenness index, J'. A study of 22 tropical American intertidal shores showed that H' values ranged from 0.5 to 3.9 and J' ranged from 0.17 to 0.94, while in 16 warm temperate Australian beaches ranged from 0.5 to 2.7 and J' ranged from 0.22 to 0.67 (Dexter, 1976 (Dexter, , 1979 (Dexter, , 1985 (Dexter, , 1988 . The diversity in Teluk Aling intertidal shore is considered low as H' ranged from 0 to 1.42 while evenness, J' ranged from 0 to 0.31 when compared to the tropical American beaches or warm temperate Australian beaches. However, Teluk Aling is better off compared to the intertidal beaches of Portugal with a striking characteristic of having coarse sediment associated with intertidal density of less than 1 organism m -2 (Dexter, 1989) . Pearson correlation (p < 0.01) showed that organisms density increased significantly as mean particle size decreases. Such correlation had been observed for other sandy shore such as Sinai Red Sea and Mediterranean sandy beaches (Dexter, 1986; McLachlan, 1983) . Moving up to the intertidal zone in Teluk Aling, the sand become coarser compared to middle and lower zone. Seawater in the retreating wave will gradually percolate down through the sediment and little material will be carried back to the shore in the backwash (Raffaelli and Hawkins, 1996) . Moving down to the vertical gradient of the sandy shore, the smaller particles at the lower zone retain some water at low tide through capillary action. The organism assemblage at this zone will have low risk of physical damage as organisms are relatively large compared to the particle size as shown by studies performed in Argentina Patagonian gulfs (Jaramillo et al. 2001) . A negative correlation was observed in Teluk Aling between mean particle size and organic content. Organic content is due to the decomposition of complex organic matter by microbial activity and often binds sediment together in a matrix body (Raffaelli and Hawkins, 1996) . The smaller particles at lower zone have a much larger surface area relative to its volume than a larger particle at upper zone; therefore microorganisms are more able to attach to the surface of sand grains. The effect of microbial component in the sandy shore stabilizes the sediment by secreting an amount of mucopolysaccharides that glue the sediment particles together (Raffaelli and Hawkins, 1996) , thus giving the characteristic of little muddy at the lower zone in Teluk Aling. Water drains freely during the ebb tide in the coarser sand particles at the middle and lower zones due to the large gaps between the sand particles ant the capillary forces which hold onto the water are weak. This situation does not allow the attachment of microorganisms onto the large surface area therefore resulting in decreased organic content upwardly to the upper zone. Interactions between exposure and particle size, and their consequences for sediment chemistry have a fundamental effect on the distribution and abundance of organisms. Organisms utilize the swash to move around the shore and for feeding, typically suspension feeders such as amphipods (Raffaelli and Hawkins, 1996) . Indeed, gastropods and decapods such as moon crab exploit exposed conditions, surfing up and down the shore with the ebb and flood of the tides to feed. The lower zone was populated by the greatest number of species, dominated by an association of deposit and filter feeders. Little overlap between assemblages of deposit and filter feeders was found in the middle and lower zones at Teluk Aling. The upper part of the sandy beach at Teluk Aling was dominated by the cirolanid isopod Eurydice sp. Cirolanid isopods are characteristic species of sandy shores and had been identified to survive at higher tidal levels with unstable conditions (Dexter,1985) .
At the other end of the particle size gradient, the rocky shore, interactions between wave exposure and particle size is possibly the main process in shaping up the biological characteristics of the rocky shore (Raffaelli and Hawkins, 1996) . The organisms at rocky shore are sufficiently small, in relation to particle size in order to maintain themselves on the rock surface. In contrast to sandy shore where organisms were mostly mobile, the rocky shore was characterized by sedentary or slow moving organisms. Due to the sessile form of the organisms, there are often scenarios of species overgrowing, aggressive undercutting and crushing of individuals. The overcrowding effects were obvious in the shape of the valves of the rock oysters, Saccostrea cucullata at rocky shore which are mostly irregular. Species found at the upper zone of rocky shore of Teluk Aling such as Chthamalus sp, Cellana sp., Nodilittorina sp. and Littoraria sp. possess certain morphological features to cope with the hostile conditions prevalent at the upper zone. For example, species of high shore limpets such as Cellana sp. tend to have a more domed-shape shells compared to other limpets (Raffaelli and Hawkins, 1996) . Other gastropods such as Nodilittorina sp. and Littoraria sp. reduce contact with the hot substratum by producing mucus and is often seen that they withdraw inside their shells when the tide is out. Balanus sp. that is found dominant at the middle zone tends to retreat inside a closed shell when they are exposed to desiccation. The distribution of species at rocky shore of Teluk Aling is similar to that reported by Purchon and Enoch (1954) in Singapore.
Although universal features of tropical rocky shore zonation are recognizable in Teluk Aling zonation pattern of individual species within the major zones is not clear in this study due to the patchy distribution of the species as indicated by the standard deviation as seen in Table 2 . Patchiness is a basic feature of rocky intertidal zone, generated by physical or biological activity (Nybakken, 1982) . Experiments on patchiness have shown that on some shores, there are keystone predators or grazers that efficiently maintain community composition and structure. Limpets found in Teluk Aling may be one of the important grazers to cause the characteristic patch of algae and lichen in association with each individual limpet. The predation of barnacles by Morula sp. and Thais echinata has been observed to cause considerable damage on the rocky shore. Coexistence of several species enhanced the diversity of the community; yet, some species of predators are needed to act at different levels in the competitive hierarchy for the sake of community maintenance. These conditions interact to set the distribution limit of many mid and lower zone species (Raffaelli and Hawkins, 1996) .
In conclusion, the composition of intertidal organisms in the sandy shore of Teluk Aling increases downward towards the lower zone but the diversity of organisms is higher at the middle zone. This is reflected by the diversity and evenness indices of species distribution in the sandy shore as seen in Table 1 . Umbonium vestiarum appears to be the most dominant species in the sandy shore. The universal zonation of rocky shore is detected in Teluk Aling although one-way ANOVA test indicated that the abundance of organisms was not significantly different between the zones on the rocky beach.
